The summer precipitation from June to September in the source region of the Yellow River accounts for about 70% of the annual total, and its decrease would cause further water shortage problems.
INTRODUCTION
The Yellow River is extremely important to China since it supplies fresh water for 110 million people and 13% of China's irrigated farming land (Wang et al. ) . 
STUDY AREA AND METHODS

Study area and data
The source region of the Yellow River is located on the 
The time series a k (t) and b k (t) are called expansion coefficients; p k and q k are the patterns (Bretherton et al.
).
The expansion coefficients are calculated as weighted linear combination of variables in data.
The vectors u k and v k are called weight vectors. respectively. The activation function 'tansig' was used for this purpose, which is given as:
The four-layer ANN was connected by weights. A training period and a validation period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) were selected for optimization of the weights. Pearson product-moment correlation coefficients r between observed and predicted summer precipitation were calculated for the assessment of model performance.
RESULTS
Precipitation characteristics
Due to the large and diverse topography of the area, the pre- 
Relationships between precipitation and teleconnection patterns
The precipitation for the three identified homogeneous zones in the source region of the Yellow River was tested for relation against different climate indices using PCA and SVD. Monthly precipitation and climate indices for the same period from 1961 to 2010 were used for analysis. PCA revealed a close relationship that is direct or inverse between the precipitation for the three zones and climate indices. The first two modes of PCA were analysed as they represented a major variance, with explained variance of 22.8% and 18.0%, respectively. Figure 4 gives the PCA biplot, and it is seen that the precipitation for the three zones is, in general, well represented in the first PCA mode. It is positively related to NAO, WP and NINO3.4, and it is negatively related to POL. The PCA analysis shows strong evidence that the precipitation in the different zones is closely related to the different teleconnection patterns.
SVD was applied to the cross-variance matrix between monthly precipitation for the three zones and monthly climate indices for the same period from 1961 to 2010. Table 2 shows the heterogeneous correlation for the different indices. It is noteworthy that the precipitation for the three zones is positively related in first mode to NAO, WP and NINO3.4, and negatively related to POL at 0.05 significance level. The result of SVD confirms the relationship from the PCA results between precipitation for the three zones and climate indices.
Summer precipitation prediction
Based on the revealed relationships between precipitation in the source region of the Yellow River and global teleconnection patterns, a back propagation neural network was developed to predict the summer precipitation (JuneSeptember) using significantly correlated climate indices as input layer, including NAO, WP, POL and NINO3.4. One limitation of ANN analysis is that the model results vary depending on the random setting of the initial weights.
Therefore, the neural network model run for one experiment was repeated 10 times. The predicted summer precipitation refers to the most accurate results of 10 model runs. Here, a 'trial and error' process was used to choose different nodes for the two hidden layers. Table 3 shows the Pearson correlation coefficients between observed and predicted summer precipitations for training and validation periods. The correlation coefficients for the validation period are generally larger than 0.6. Figure 6 shows the observed and predicted summer precipitation for the validation period depending on the different zones and the whole area.
DISCUSSION
The results revealed in this study showed that ENSO, NAO, 
CONCLUSION
In this study, the spatial variability of precipitation was investigated based on the results from cluster analysis using monthly precipitation data from 1961 to 2010. Subdivision of the source region of the Yellow River into three homogeneous zones was made to investigate spatial variability of trends. PCA and SVD were used to find relationships between the precipitation in the 
